I. ELECTROMAGNETIC MEASUREMENTS AND THE
FUNDAMENTAL CONSTANTS HE INCREASED number of sessions devoted to basic T standards and fundamental constants at recent CPEM's [l] reflects the increased importance of precision electromagnetic measurements to the standards and constants field, and vice versa. Consider the following fundamental constant determinations for which the indicated precise electromagnetic measurements have played, and will continue to play, a critical role:
-optical frequency counting, -acoustic and microwave resonances of a spherical resonator,
-combined X-ray and optical interferometry, -electromagnetic resonance frequencies of charged particles in a Penning trap, -optical interferometry, optical frequency difference measurements.
The fundamental constants have "returned the favor" so to speak, and will continue to do so in the future. Consider the following examples in which specific measurement (or reference) standards, and thus their associated precision electromagnetic measurements, have been or soon will be improved by the indicated fundamental constants (e is the elementary charge, h is the Planck constant, yp is the proton gyromagnetic ratio, and Me is the molar mass of the electron): 
Here { } indicates numerical value only, po = 47r x lo-' N / A 2 exactly is the permeability of vacuum, a-' = 137 is the inverse fine-structure constant, E, is the frequencyto-voltage quotient of the first microwave induced step of a Josephson device and presumed to be equal to 2e/h, and R H is the quantized Hall resistance of the first plateau of a quantum Hall effect device and presumed to be equal to h / e 2 = poca-'/2.
The infinite mass Rydberg constant R, is known with a fractional uncertainty of 4 X lo-' ' [3] ; the corresponding uncertainty for a-' is 8 X as obtained from the electron magnetic moment anomaly [4] , not from R,.
Thus if 2e/h can be measured in SI units with a fractional uncertainty of 1 X lo-', then a value of ne consistent with the present definition of the kilogram within 22.2 x lo-' could be adopted. (Throughout, all uncertainties are meant to correspond to one-standard-deviation estimates .) The discontinuity in the value of the kilogram introduced by the new definition would thus be limited to this amount. Based on the results to date from the moving-coil force balance measurements of 2e/h at the National Physical Laboratory, U.K. [ 5 ] , and the National Bureau of Stan-U.S. Government work not protected by U.S. copyright dards, U.S. [6] , such an uncertainty for 2 e / h does not seem totally out of reach. A new definition of the kilogram derived from precision electromagnetic measurements could be the subject of a talk at a CPEM in the first decade of the 21st century!' 11. WILL LEAST SQUARES CONSTANTS ADJUSTMENTS BE UNNECESSARY?
"Best" values in the least squares sense for these five quantities, with their variance and covariances, were the immediate output of the adjustment. Values for other constants of interest were then calculated from these with the aid of the auxiliary constants as necessary.
The 12 distinct types of stochastic input data were: 1) Kn determined from calculable capacitor ohm reLeast squares adjustments of the fundamental physical constants are carried out from time to time in order to obtain a self consistent set of recommended values of the constants for international use. The least squares procedure has been required because of the complex relationships which exist among the constants and the nature of the available data. In general, the data for a least squares adjustment are divided into two groups: auxiliary constants and stochastic input data. The former are either defined constants such as c and po, or constants such as R, with asigned uncertainties sufficiently small in comparison with the uncertainties assigned the stochastic input data with which they are associated that they can be taken as exact. The values of the auxiliary constants are not subject to adjustment in contrast to the stochastic data.
The most recent least squares constants adjustment was completed in 1986 by the author in collaboration with E.
R. Cohen under the auspices and guidance of the CO-DATA Task Group on Fundamental Constants [7] . In it, all electrical unit-dependent quantities were expressed as required in terms of the representation of the volt The 38 items of stochastic input data initially considered in the adjustment, which were of 12 distinct types, were expressed in terms of five quantities with the aid of1 the auxiliary constants as necessary. These five quantities, which served as the "unknowns" or variables of, the 1986 adjustment, were: termined by the low magnetic field method and expressed in terms of TBI85 which is directly proportional to AB185 (the prime indicates a spherical, pure H 2 0 nuclear magnetic resonance sample at 25°C);
6) yi(high) determined by the high magnetic field method and expressed in terms of ABIss; 7) d220 (Si) determined by combined X-ray and optical interferometry;
8) V,(Si), the molar mass of pure silicon at 22.5"C and in vacuum determined from the molecular weight of silicon and its density; 9) RH determined from the quantum Hall effect and expressed in terms of !&Is$ 10) pu,/pp determined from VMhfs, the groundstate hyperfine splitting interval of muonium (p+e-atom), and from a resonance experiment;
11) a-' determined from the electron magnetic moment anomaly and from the fine structure of atomic helium;
12) VMhfs.
The individual equations relating the 38 items of stochastic input data to the five variables of the adjustment are known as observational equations. An example is that for 7; (high):
where F6 is the combination of auxiliary constants 4R,/c(pi/pB)E, and where &/pB is the magnetic moment of the proton in units of the Bohr magneton.
Although the January 1, 1986 cutoff date for input data for the 1986 adjustment was just two and one-half years ago, the current situation is substantially different than it was then. First, ohm realizations are now so closely tied to measurements of RH in terms of laboratory representations of the ohm that they may be combined together allows the variable Kn to be replaced by a-' since RH = Third, the discrepancy between the two available values of d220(Si) has been resolved so that d220(Si) and V, (Si) may be combined and the measured quantity taken as N A . This allows the variable d220(Si) to be eliminated and, moreover, N A can be expressed in terms of a-' and Fourth, a new stochastic input datum is now available from watt realization experiments. The measured quantity may be taken as Kw, the numerical value of the watt representation WRef = v&/&ef when expressed in watts:
KV .
Fifth, in certain cases it is more appropriate to combine yL(1ow) and $(high) measurements from the same laboratory to obtain a single value of r; in SI units rather than to re-express them individually in terms of A R e f = The net result of these changes is that the five variables of the 1986 adjustment may be reduced to three: a -' , K,, and pp/pp. There are still 12 distinct types of stochastic input data but some are different from 1986. They are 1) Recently, advances in the experimental determination of the electron magnetic moment anomaly [8] and in the calculation of its quantum electrodynamic theoretical expression [4] have led to a value of a-' with an uncertainty of 0.008 ppm. Moreover, there is a strong possibility that this uncertainty will be reduced by a factor of 2 to 3 in the near future. 
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